Introduction {#s1}
============

Breast carcinoma is the most generalized type of cancer among women. It is one of the prime causes of cancer-related deaths in women and poses a serious threat to public health worldwide ([@B1]). On the grounds of the expression of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2), breast carcinoma is roughly classified into four different molecular subtypes, containing luminal, HER2-enriched, basal-like, and normal-like type ([@B2]). Many efforts have been done in the past few decades to better treat these tumor types ([@B3]--[@B5]). Nevertheless, the exact molecular mechanism of this highly heterogeneous neoplasm is still unknown at present. Identifying the key molecules that promote and maintain the malignant transformation of tumors helps to comprehensively understand the biology of breast cancer and ultimately supports people to develop new drugs to target new potential targets and implements precise treatment for breast cancer patients ([@B6], [@B7]).

Cytochrome P450 (CYP) enzymes are a multi-gene family of inducible monooxygenases that play an important role in the oxidative metabolism of a great deal of xenobiotics and endogenous components with biological activity ([@B8], [@B9]). Currently, based on nucleic acid homology, the human CYP superfamily is categorized into 18 families, 43 subfamilies, and 57 subtypes with catalytic functions ([@B10]). Some CYPs, particularly the dominating xenobiotic metabolic forms of CYPs, have been well-displayed in previous research, but little is known about the biological function of several CYPs identified in recent years. In addition, a single CYP showed characteristic cell type and tissue-specific expression patterns. Certain CYPs have also been exhibited to be expressed in carcinoma. In particular, CYP1B1 was overexpressed in a series of tumors and was an useful biomarker to predict chemotherapy response ([@B11]--[@B13]). CYPs might be potential cellulate targets in tumor cells for novel therapeutical exploitation and for targeting of personalized treatment.

CYP2U1 showed several unique characteristics in 57 human CYPs. For example, it exists in nearly everything organisms with highly conservative sequences. CYP2U1 gene is situated in chromosome 4 and carries 544 amino acid sequences presented 39% homology with other CYP2 family members. And, its specific genetic organization has only five exons, which are mainly located in the thymus and brain, and the protein sequence involves an abnormally long N-terminal region after the transmembrane helix, which contains 8 proline residues, and an insert of about 20 amino acids in which contains 5 arginine residues ([@B14]). So far, there are a small quantity of substrates, consisting of fatty acids, N-arachidonic acid serotonin, and drugs ([@B15]). Its main function is to catalyze the ω and ω-1 hydroxylation of fatty acids, and it is of great significance in intracellular signaling pathways ([@B14], [@B16]). Interestingly, this cytochrome is selectively distributed in tissues and selectively expressed in tumors ([@B17]). However, although CYP2U1 mutations have been implicated in certain pathological conditions, for instance, CYP2U1 was highly expressed in colorectal and ovarian cancer, and was closely related to tumor grade ([@B18], [@B19]), its biological role in breast carcinoma remains to be inquired in depth. Here, we carried out immunohistochemistry analysis in tissue microarray (TMA) to test the discrepant expression of CYP2U1 in normal and cancerous tissue, and to investigate the relation between the CYP2U1 expression and tumor differentiation, the expression of hormone receptors and HER2, and molecular subtypes at the protein level. In addition, we utilized Kaplan-Meier and COX regression plotter platforms to investigate the effect of CYP2U1 on the clinical outcome of breast carcinoma patients.

Materials and Methods {#s2}
=====================

Tissue Sample
-------------

Breast specimens were acquired from the Department of Pathology at Renmin Hospital of Wuhan University. Samples of breast cancer were procured from a batch of 219 female patients with invasive breast carcinoma who undergone malignant breast tumor surgical excision (segmental or radical mastectomy) from January 2002 to December 2007. Sixty patients with benign breast lesions were selected as controls who were surgically treated by either mammotome or lumpectomy. Areas of tumor or control to be sampled for tissue microarray were first identified and was stained with HE to affirm the histopathologic findings and the adequacy of tissue specimens by two professional breast pathologist. Complete follow-up data were available for all patients and ranged from 1 to 60 months. Clinicopathological data included age at surgery, time of diagnosis, tumor type, histological grade, stage of disease, estrogen and progesterone receptor status, HER-2 expression level, time to recurrence and/or death(whichever came first), tumor size at diagnosis, chemotherapeutic strategy, and lymph-node status. The histopathology of all the breast neoplasm was acquired in the light of pathological diagnostic criteria of WHO ([@B20]). The study was approved by the Ethics Committee of Renmin Hosptial of Wuhan University.

Immunohistochemistry
--------------------

Specific primary antibody against CYP2U1 (ab252975, Abcam, Cambridge, MA, USA) was used for IHC at a dilution of 1:50. Immunohistochemical staining was performed as per instructions of the manufacturer. Sections of the TMA were dewaxed and rehydrated through a chain of xylenes and alcohols. Following that, the sections were incubated in 3% H~2~O~2~ diluted in methanol for 30 min in order to close biologically active sites of endogenous peroxidases. Antigen retrieval was implemented with citrate buffer (pH 8.0) at 98°C for 20 min. The slides were then allowed to cool to room temperature. After that, slides were incubated with primary antibody for 60 min at room temperature, and then incubated with biotinylated secondary antibody employing the Dako LSAB2 System-HRP (K0672, Dako Cytomation, Carpinteria, CA, USA) for 30 min, followed by washing with buffer so as to remove uncombined antibody. 3,3′diaminobenzidine (DAB) was utilized as the chromogen away from light applied for 3 min. Finally, sections were further washed within water and slightly counterstained with hematoxylin for 2 min. Slides with PBS, superseding the specific primary antibody, acted as blank controls.

Quantification Evaluation
-------------------------

All slides were examined employing Olympus light microscopic (Olympus Corporation) and the staining intensity of immunoreactivity was evaluated by two independent observers using a semi-quantitative immunoreactivity scoring (IRS) system that was previously described for the evaluation of CYPs expression in TMA ([@B18], [@B19]). The evaluating pathologists performed IHC scores without prior knowledge of clinical pathological information. In the current research, CYP2U1 expression was chiefly localized to the cytoplasm in tumor samples, while its protein was principally expressed in the cellular nucleus of non-tumor samples. In IRS system, the intensity of immunostaining in each core was classified as four levels: 0(absence of immunostaining), 1(weak immunoreactivity), 2(moderate immunoreactivity), and 3(strong immunoreactivity). The difference in the evaluation of the case was minimal and was resolved by simultaneous re-evaluation by two experienced observers. According to previous reports, up to 15% core loss was accepted ([@B21], [@B22]). On the basis of the previously described standard protocol, the intensity stained tumor cells were employed to quantify the protein level of CYP2U1. In terms of the final staining score, 1--2 was grouped to low CYP2U1 protein expression, while 3 was grouped to high CYP2U1 protein expression.

Statistical Analysis
--------------------

The Student\'s *t*-test was employed to assess the differences in groups. Data were demonstrated as the mean ± standard error of the mean. Survival analysis was executed employing SPSS 20.0 software version (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp). In order to further verify the prognostic values of this new indicator, univariate and multivariate Cox proportional hazard regression analysis were performed for CYP2U1 expression and all clinicopathological features (including age, histological grade, T stage, ER status, PR status, HER2 expression, lymph node metastasis, and TNM staging). Only significant variables (*P* \< 0.05) from the univariate analyses were allowed into the multivariate analysis. A *P* \< 0.05 was considered statistically significant.

Results {#s3}
=======

Clinico-Pathological Characteristics of Patients
------------------------------------------------

The study cohort included 219 breast carcinoma patients treated with surgical excision. All patients\' clinicopathologic characteristics are shown in [Table 1](#T1){ref-type="table"}. The age at diagnosis ranged from 27 to 77 years (median, 50 years). Among all patients, 95 (43.4%) were diagnosed as Luminal subtype, 38 (17.4%) as HER2-enriched subtype, and 58 (26.5%) as TNBC. And notably, 28 patients with ER--/PR+ were not counted in classification of subtypes of breast cancer. There were 56 cases of tumors with high pathological grade and 163 cases of tumors with low-moderate pathological grade. There were 13 patients (5.9%) at early stages (I) and 206 patients (94.1%) at middle-advanced stages (II and III). A total of 54.8% patients (*n* = 120) had lymph node metastasis and 45.2% patients (*n* = 99) had no metastasis.

###### 

Clinico-pathological information of patients in tissue microarray.

  **Variables**           **Patient number (n)**   **Percentage (%)**
  ----------------------- ------------------------ --------------------
  Age (years)                                      
     ≤50                  137                      62.6
     \>50                 82                       37.4
  Menopausal state                                 
     Yes                  94                       42.9
     No                   125                      57.1
  T stage                                          
     T1                   28                       12.8
     T2                   148                      67.6
     T3                   43                       19.6
  Lymph node metastasis                            
     0                    99                       45.2
     ≥1                   120                      54.8
  Pathological grade                               
     I                    36                       16.4
     II                   127                      58
     III                  56                       25.6
  TNM stage                                        
     I                    13                       5.9
     II                   140                      64
     III                  66                       30.1
  ER status                                        
     Negative             124                      56.6
     Positive             95                       43.4
  PR status                                        
     Negative             124                      56.6
     Positive             95                       43.4
  HER-2 status                                     
     Negative             162                      74
     Positive             57                       26
  Molecular subtypes                               
     Luminal              95                       43.4
     HER2-enriched        38                       17.4
     TNBC                 58                       26.5

*ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer; TNM, tumor-node-metastasis*.

Differential Expression of CYP2U1 in Normal Breast Tissue and Cancer Tissue
---------------------------------------------------------------------------

To assess the protein levels of CYP2U1 in normal and cancerous specimens, we analyzed the TMA of 219 informative breast cancer patients via IHC. The results demonstrated that CYP2U1 was mainly detected in the cytoplasm of breast cancer tissue, while in non-cancer breast tissue, CYP2U1 was mainly located in the nucleus of cells derived from myoepithelial differentiation. The immunoreactivity for CYP2U1 in glandular epithelial-derived cells was negative in normal breast tissue. Typical IHC staining images of non-cancerous and cancerous tissues were exhibited in [Figure 1A](#F1){ref-type="fig"}. Next, we inspected the potential relevance of CYP2U1 expression with breast carcinoma risk utilizing IHC staining scoring system. Our results showed that the protein level of CYP2U1 was distinctly higher in breast carcinoma tissues in comparison with normal tissues ([Figure 1B](#F1){ref-type="fig"}, *P* \< 0.0001).

![Analyses of cytoplasm CYP2U1 expression in normal breast and tumor tissues. **(A)** Representative images of CYP2U1 protein abundance in normal and breast tumortissues are shown. **(B)** Semi-quantitative result is displayed as the mean ± SEM.](fonc-10-01379-g0001){#F1}

High Levels of CYP2U1 Were Connected With the Histopathological Grade of Breast Cancer
--------------------------------------------------------------------------------------

We also used the same method to evaluate the expression of CYP2U1 in breast cancer tissues with different degrees of differentiation. Typical IHC images of CYP2U1 in breast cancer tissues with different pathological grades were shown in [Figure 2A](#F2){ref-type="fig"}. The IHC score results showed that the expression level of CYP2U1 in breast carcinoma specimen with pathological grade 3 is higher than that in breast cancer tissues with pathological grade 1--2 (*P* = 0.0008) ([Figure 2B](#F2){ref-type="fig"}). It was proved that CYP2U1 expression level was negatively connected with the differentiation degree of breast tumors.

![Analyses of cytoplasm CYP2U1 expression in low-grade and high-grade breast tumors. **(A)** Representative images of CYP2U1 protein abundance in low-grade and high-grade breast tumors are shown. **(B)** Semi-quantitative result is displayedas the mean ± SEM.](fonc-10-01379-g0002){#F2}

Relevance Between CYP2U1 Expression and the Status of ER, PR, and HER2
----------------------------------------------------------------------

To evaluate whether there was a correlation between CYP2U1 protein levels and the expression of hormone receptors and HER2, we combined IHC detection results with clinicopathologic data. IHC staining images of representative tissue specimens about negative/positive states of hormone receptors and HER2 were exhibited in [Figure 3A](#F3){ref-type="fig"}, respectively. Next, IHC scores via employing semi-quantitative standard were measured as well. Research findings manifested that protein levels of CYP2U1 was dramatically higher in ER- in comparison with ER+ cancer tissues (*P* = 0.0173) ([Figure 3B](#F3){ref-type="fig"}), while it was not reach statistical significance in the PR statue (*P* = 0.1586) ([Figure 3C](#F3){ref-type="fig"}) and HER2 expression (*P* = 0.5602) ([Figure 3D](#F3){ref-type="fig"}) of breast cancer patients. Thus, Statistical analysis on IHC score exposed that CYP2U1 expression was distinctly correlated with ER status.

![Analyses of CYP2U1 expression with status of ER, PR and HER2. **(A)** Representative images of CYP2U1 protein abundance in different status of ER, PR andHER2. **(B)** Semi-quantitative result of CYP2U1 protein abundance in ER-negative and ER-positive tumors tissue is displayed as the mean ± SEM. **(C)** Semi-quantitative result of CYP2U1 protein abundance in PR-negative and PR-positive tumors tissue is displayed as the mean ± SEM. **(D)** Semi-quantitative result about CYP2U1 protein abundance in HER2-negative and HER2-positive tumors tissue is displayed as the mean ± SEM.](fonc-10-01379-g0003){#F3}

CYP2U1 Was Connected With Molecular Subtypes of Breast Carcinoma
----------------------------------------------------------------

To expound the connection between CYP2U1 protein levels and the molecular subtypes of breast cancer, we examined the CYP2U1 cytoplasmic staining in 219 primary breast carcinoma. IHC staining images of representative tissue specimens for different molecular subtypes of breast cancer were exhibited in [Figure 4A](#F4){ref-type="fig"}. The results of statistical analysis about staining scores exposed that CYP2U1 protein level was obviously elevated in TNBC tissues compared with luminal-type carcinoma specimens(*P* = 0.0034) ([Figure 4B](#F4){ref-type="fig"}), while pairwise comparisons of other molecular types were not statistically significant. Collectively, we arrived at a conclusion that CYP2U1 was relatively abundant in highly malignant TNBC specimens compared with luminal-type specimens.

![CYP2U1 is associated with molecular subtypes of breast cancer. **(A)** Representative images of IHC staining for luminal-type and TNBC breast cancer tissues were showed. **(B)** IHC scores revealed that higher level of CYP2U1 protein was significantly enhanced in TNBC tissues in comparison with luminal-type tissues, which was displayed as mean + SEM.](fonc-10-01379-g0004){#F4}

High CYP2U1 Protein Predicted Poor Prognosis of Breast Cancer Patients
----------------------------------------------------------------------

After 5 years of follow-up, the prognostic value of CYP2U1 in 219 breast carcinoma patients was determined. Hazard ratio (HR) and 95% confidence interval (CI) were applied to estimate the prognostic value of CYP2U1 protein levels in breast cancer patients. KM survival analysis and log-rank test disclosed statistically significant associations between higher levels of CYP2U1 protein and inferior rates of 5-year disease-free survival (5-DFS) (*P* = 0.014; HR = 0.474; 95% CI = 0.257--0.874), 5-year overall survival(5-OS) (*P* = 0.001; HR = 0.306; 95% CI = 0.147--0.638), and 5-year metastasis-free time(5-MFS) (*P* = 0.008; HR = 0.431; 95% CI = 0.226--0.822) ([Figure 5](#F5){ref-type="fig"}). High expression level of CYP2U1 may be a new prognostic biomarker of breast cancer, and the clinical prognosis was poor. As shown in [Tables 2](#T2){ref-type="table"}, [3](#T3){ref-type="table"}, univariate Cox proportional hazard regression analysis confirmed high histological grade, high T stage, low ER and PR, HER2 high-expression, late TNM stage, lymph node metastases and high expression of CYP2U1 were significant relevance in 5-DFS and 5-OS for breast cancer patients. These significant variables were then used in multivariate analysis. Similarly, it was further confirmed in multivariate analysis the high histological grade, high HER expression, lymph node metastasis and CYP2U1 high-expression was an important independent predictor of unfavorable 5-DFS and 5-OS.

![Kaplan-Meier survival curves for the correlation of CYP2U1 protein expression with breast cancer. Kaplan-Meier plotter analysis indicated that higher CYP2U1 protein expression was correlated with worse 5-DFS **(A)**, 5-OS **(B)**, and 5-MFS **(C)** at whole level, and patients with lower CYP2U1 protein level enjoyed longer time free from tumor recurrence and/or death among luminal subgroup **(D)**. Kaplan--Meier survival analysis of CYP2U1 protein expression was not statistically significant for 5-DFS in HER2 overexpression **(E)**, and TNBC **(F)** patients.](fonc-10-01379-g0005){#F5}

###### 

Univariate and multivariate Cox regression analysis of CYP2U1 protein expression for 5-year disease-free survival of breast carcinoma patients in tissues microarray.

  **Characteristics**                        **Univariate analysis**   **Multivariate analysis**                                          
  ------------------------------------------ ------------------------- ------------------------------------------- ---------------------- -------------------------------------------
  Age (≤50 vs. \>50)                         0.847 (0.548--1.310)      0.452                                       --                     --
  Pathological grade (I--II vs. III)         0.168 (0.109--0.260)      \<0.0001[^\*^](#TN1){ref-type="table-fn"}   0.261 (0.161--0.425)   \<0.0001[^\*^](#TN1){ref-type="table-fn"}
  T stage (T1 vs. T2--T3)                    0.210 (0.066--0.665)      0.003[^\*^](#TN1){ref-type="table-fn"}      0.374 (0.116--1.200)   0.098
  ER (negative vs. positive)                 2.475 (1.531--4.001)      \<0.0001[^\*^](#TN1){ref-type="table-fn"}   1.334 (0.752--2.368)   0.325
  PR (negative vs. positive)                 1.714 (1.089--2.698)      0.018[^\*^](#TN1){ref-type="table-fn"}      0.912 (0.534--1.557)   0.735
  Her-2 (negative vs. positive)              0.481 (0.308--0.753)      0.001[^\*^](#TN1){ref-type="table-fn"}      0.498 (0.308--0.803)   0.004[^\*^](#TN1){ref-type="table-fn"}
  Lymph node metastasis (0 vs. ≥1)           0.225 (0.132--0.384)      \<0.0001[^\*^](#TN1){ref-type="table-fn"}   0.272 (0.156--0.474)   \<0.0001[^\*^](#TN1){ref-type="table-fn"}
  TNM stage (I vs. II--III)                  0.044 (0.001--1.604)      0.009[^\*^](#TN1){ref-type="table-fn"}      0                      0.96
  CYP2U1 protein expression (low vs. high)   0.474 (0.257--0.874)      0.014[^\*^](#TN1){ref-type="table-fn"}      0.476 (0.247--0.917)   0.027[^\*^](#TN1){ref-type="table-fn"}

*CI, confidence interval; HR, hazard ratio; ER, estrogen receptor; Her-2, human epidermal growth factor receptor-2; PR, progesterone receptor; TNM, tumor-node-metastasis*.

*p \< 0.05*.

###### 

Univariate and multivariate Cox regression analysis of CYP2U1 protein expression for 5-year overall survival of breast carcinoma patients in the tissue microarray.

  **Characteristics**                        **Univariate analysis**   **Multivariate analysis**                                          
  ------------------------------------------ ------------------------- ------------------------------------------- ---------------------- -------------------------------------------
  Age (≤50 vs. \>50)                         0.656 (0.360--1.194)      0.164                                       --                     --
  Pathological grade (I--II vs. III)         0.131 (0.070--0.246)      \<0.0001[^\*^](#TN2){ref-type="table-fn"}   0.268 (0.136--0.527)   \<0.0001[^\*^](#TN2){ref-type="table-fn"}
  T stage (T1 vs. T2--T3)                    0.297 (0.072--1.227)      0.074                                       --                     --
  ER (negative vs. positive)                 2.950 (1.453--5.991)      0.002[^\*^](#TN2){ref-type="table-fn"}      1.432 (0.605--3.390)   0.415
  PR (negative vs. positive)                 2.165 (1.111--4.216)      0.02[^\*^](#TN2){ref-type="table-fn"}       1.277 (0.576--2.828)   0.547
  Her-2 (negative vs. positive)              0.317 (0.174--0.578)      \<0.0001[^\*^](#TN2){ref-type="table-fn"}   0.318 (0.165--0.614)   0.001[^\*^](#TN2){ref-type="table-fn"}
  Lymph node metastasis (0 vs. ≥1)           0.127 (0.050--0.322)      \<0.0001[^\*^](#TN2){ref-type="table-fn"}   0.144 (0.054--0.382)   \<0.0001[^\*^](#TN2){ref-type="table-fn"}
  TNM stage (I vs. II--III)                  0.045 (0.000--7.947)      0.072                                       --                     --
  CYP2U1 protein expression (low vs. high)   0.306 (0.147--0.638)      0.001[^\*^](#TN2){ref-type="table-fn"}      0.259 (0.117--0.572)   0.001[^\*^](#TN2){ref-type="table-fn"}

*CI, confidence interval; HR, hazard ratio; ER, estrogen receptor; Her-2, human epidermal growth factor receptor-2; PR, progesterone receptor; TNM, tumor node metastasis*.

*p \< 0.05*.

Next, we evaluated the correlation of CYP2U1 expression and the prognosis in disparate molecular subtypes of breast carcinoma. Kaplan--Meier survival analysis of CYP2U1 protein expression showed a significant relevance between high CYP2U1 expression and shorter 5-DFS in Luminal-type patients (*P* = 0.01; HR = 0.232; 95% CI = 0.069--0.784) ([Figure 5D](#F5){ref-type="fig"}), with insufficient patients to assess 5-DFS in HER2-enriched and TNBC patients ([Figures 5E,F](#F5){ref-type="fig"}). Moreover, Survival analysis of breast cancer patients with lymph node metastasis was implemented employing the KM Plotter platform to measure the clinical value of CYP2U1 in breast carcinoma. Research results indicated that patients with higher CYP2U1 protein expression in the LN+ group had worse 5-DFS \[HR = 0.310 (0.153--0.629), *P* = 0.001; [Figure 6B](#F6){ref-type="fig"}\], and 5-OS \[HR = 0.176 (0.083--0.372), *P* \< 0.0001; [Figure 6D](#F6){ref-type="fig"}\], but no relevance was observe in the LN-group ([Figures 6A,C](#F6){ref-type="fig"}).

![CYP2U1 expression was an unfavorable prognostic element for breast carcinoma patients with lymph node metastasis. Kaplan-Meier plotter analysis demonstrated that the relationship between CYP2U1 protein expression and 5-DFS **(A,B)** and 5-OS **(C,D)** of breast cancer patients with(or without) lymph node metastasis. LN--, lymph node metastasis negative; LN+, lymph node metastasis positive.](fonc-10-01379-g0006){#F6}

Discussion {#s4}
==========

CYP2U1 is well-known as a new type of human cytochrome in 2003. Among all CYPs, CYP2U1 is particularly fascinating because of its uniqueness in gene organization, protein sequence and tissue expression ([@B14], [@B16]). In previous studies, it was discovered that CYP2U1 mRNA is expressed at particularly high level in the thymus and cerebellum. As the further research continued, it was also found in the heart, bladder, prostate, uterus, testis, kidney and other tissues and organs ([@B23]). Recent studies have also found that the expression of CYP2U1 in colorectal and ovarian cancer tissues is higher than that of their adjacent paracancer tissues, and it is related to the malignancy of the tumor ([@B18], [@B19]). Consistent with previous studies, our study also indicated the protein content of CYP2U1 is prominently higher in breast cancerous tissues than in non-cancer tissues, and expression pattern of CYP2U1 had also changed from the original nuclear expression to cytoplasm expression. What is particularly noteworthy is that CYP2U1 is expressed only in myoepithelial nuclei of normal breast tissue. The presence or absence of myoepithelium is often used to determine whether there is infiltration of cancer cells. Using this feature, in pathological diagnosis, the IHC pattern of CYP2U1 expression may to some extent be served to distinguish cancer from non-cancer tissue in the future. The evidence needs to be further displayed that CYP2U1 molecule becomes an independent biomarker of myoepithelium.

The differentiation degree of tumor tissue can be divided into 3 levels: highly differentiated (histologic grade 1), moderately differentiated (histologic grade 2) and lowly differentiated (histologic grade 3). It has been reported that in colorectal and ovarian cancer, CYP2U1 was highly expressed in tumor cells with high pathological grade ([@B18], [@B19]). The same phenomenon has been observed in breast cancer. Our immunohistochemical analysis also showed that high CYP2U1 protein abundance was parallel to tissue grade and negatively correlated with the degree of differentiation. This provides more evidence to support that CYP2U1 is closely related to the grade of breast cancer and might have an adverse effect on the differentiation of breast carcinoma cells through some molecular mechanism. This is consistent with previous analysis implemented by Murray et al. ([@B24]) for 170 non-specific breast cancers, suggesting that breast tumors with high CYP2U1 protein level was often highly malignant.

Currently, ER, PR, and HER2 are important reference indicators for the drugs selection of breast cancer treatment, and also important indicators for prognostic evaluation ([@B2]). Therefore, we discussed whether there was any significant relevance between CYP2U1 protein level and the expression of hormone receptors and HER2. Our findings manifested that high content of CYP2U1 protein was detected in ER-negative breast cancer tissue, and there was an upward trend in the expression of CYP2U1 in PR-negative breast cancer tissue, although limited statistical value was observed based on the *t*-test. This finding is consistent with the report by Murray et al. ([@B24]) showing that CYP2U1 expression was obviously related to hormone receptors status. Thus, it can be seen that CYP2U1 expression is higher in breast cancer patients with hormone receptor negative.

As we all known, expression in ER,PR, and HER2 were employed to roughly divide breast carcinoma into four major molecular subtypes. Four subgroups exhibited diverse invasiveness of cancer cells and different treatment options. However, to date, almost no articles on the effects of molecular subtypes on CYP2U1 expression in humans have been published. In this study, using the tissue microarray and immuno-histochemistry technology, we for the first time revealed that the protein expression of CYP2U1 in TNBC is higher than that of Luminal subtype. More importantly, especially for TNBC patients with high CYP2U1 expression throughout breast tumors, the risk of tumor metastasis was high. In consistence, it was reported that the expression of CYP4A11 and CYP4A22 in TNBC tissues were higher than those in normal breast tissue. An increase of CYP4A/20-hydroxyeicosatetraenoic acid (20-HETE) activity was observed which promoted malignant transformation of breast ductal epithelium and accelerated cancer cell growth, thereby showing a high degree of biological malignant behavior in clinical manifestations ([@B25]). Borin et al. ([@B26]) also showed that the increased expression of CYP4A11 and CYP4A22 was associated with increased proliferation index of Ki-67 in TNBC tissues. The latest research confirmed that inhibiting the synthesis of 20-HETE led to the decreased migration and invasion of metastatic breast cancer cells ([@B27]). In this study, one possible explanation for high expression of CYP2U1 in TNBC tissues is that CYP2U1 are involved in the biosynthesis of 20-HETE. Therefore, in view of the obvious discrepancy in the expression of CYP2U1 in diverse molecular types of tumor specimens, the level of CYP2U1 may have a certain reference value in the selection of therapeutic regimen for breast cancer patients, and predicts that the patients with high CYP2U1 expression, have adverse clinical outcomes.

In some cancers, CYP2U1 acted as a prognostic predictor ([@B28]). In our research, we demonstrated high cytoplasmic expression of CYP2U1 is an independent prognostic biomarker of 5-DFS and 5-OS of breast cancer patients. Furthermore, high CYP2U1 expression was connected with several clinicopathological parameters consisting of TNM stage, tumor size, histopathologic grading, hormone receptors status, HER2 expression, and lymph node metastasis. CYP2U1 was first found in a large number of clinical data analysis to be related to the outcome of breast cancer patients. The fact that CYP2U1 protein was associated with 5-DFS and 5-OS was confirmed via conducting an independent IHC analysis based on 219 breast cancer patients. Several potential mechanisms behind the connection might be noticed. It was proved that CYP2U1 is a hydroxylase which metabolizes arachidonic acid and synthesizes 20-HETE, which is related to the proliferation of tumor cells, and is also upregulated in a variety of cancer ([@B25]). Moreover, arachidonicacid metabolic pathways accelerates tumor progression by activating dominating mitotic signaling pathways, including PI3K, MAPK, and Jun kinases ([@B29]--[@B31]). Lipid autacoid is a CYP-derived arachidonic acidmetabolite and may be participated in cancer development by regulating the survival and growth of cell-autonomous tumors or via regulating stromal setting, such as angiogenesis and inflammation which accelerates tumor progression ([@B32]). 20-HETE induced the transformation of tumor interstitial microenvironment to promote tumor phenotype, induced cell mitosis *in vivo* and *in vitro*, and promoted tumor angiogenesis, cell proliferation and metastasis ([@B33]--[@B35]). CYP synthesis inhibitors significantly shrunk the tumor size of intracranial gliomas and prolonged survival time in animal experiments ([@B36]). HET0016, an inhibitor of 20-HETE synthesis, reduced the level of proangiogenic factors and inhibited tumor growth of TNBC ([@B26]). Targeting 20-HETE synthesis also reduced the rate of pulmonary metastasis in an aggressive breast carcinoma model ([@B27]). Taken together, these researches suggested that there may be a link between increased CYP expression and cancer-promoting effects, which potentially explained the shorter 5-RFS, 5-OS, and 5-MFS observed in patients with high CYP2U1 expression.

However, it is undeniable that there are also some limitations in this study. Firstly, the prognostic value of CYP2U1 in breast cancer was discussed only at histological level. The exact role of CYP2U1 at the molecular level, especially for TNBC patients, still needs to be further explored in the follow-up research. Secondly, in this study, some patients received neoadjuvant therapy before surgery. So, what effect does neoadjuvant therapy have on the expression of CYP2U1 is not yet known, which needs to be assessed in the future study.

In conclusion, CYP2U1 was dramatically relevant to clinico-pathological characteristic of breast carcinoma, including histologic grade, T stage, the expression of hormone receptors, and HER2, lymph node metastasis and TNM stage, and it was enriched in TNBC tumors. Importantly, survival analysis of breast cancer data manifested that higher CYP2U1 protein expression forecasted poor prognosis among breast carcinoma population. Overall, CYP2U1 facilitated malignant biological behavior of breast carcinoma. We believe that these findings are important for further analysis of the molecular mechanism underlying the pro-tumor effects of CYP2U1 expression. Considering that CYP2U1 is involved in drug metabolism, future clinical trials should be need to detect the interaction of CYP2U1 and drugs in the context of adjuvant chemotherapy, especially for TNBC patients with high CYP2U1 expression. Identification of the possible interaction will provide more accurate treatment for breast cancer patients.
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